Previous microarray studies on breast cancer identified multiple tumour classes, of which the most prominent, named luminal and basal, differ in expression of the oestrogen receptor a gene (ER). We report here the identification of a group of breast tumours with increased androgen signalling and a 'molecular apocrine' gene expression profile. Tumour samples from 49 patients with large operable or locally advanced breast cancers were tested on Affymetrix U133A gene expression microarrays. Principal components analysis and hierarchical clustering split the tumours into three groups: basal, luminal and a group we call molecular apocrine. All of the molecular apocrine tumours have strong apocrine features on histological examination (P ¼ 0.0002). The molecular apocrine group is androgen receptor (AR) positive and contains all of the ER-negative tumours outside the basal group. Kolmogorov-Smirnov testing indicates that oestrogen signalling is most active in the luminal group, and androgen signalling is most active in the molecular apocrine group. ERBB2 amplification is commoner in the molecular apocrine than the other groups. Genes that best split the three groups were identified by Wilcoxon test. Correlation of the average expression profile of these genes in our data with the expression profile of individual tumours in four published breast cancer studies suggest that molecular apocrine tumours represent 8-14% of tumours in these studies. Our data show that it is possible with microarray data to divide mammary tumour cells into three groups based on steroid receptor activity: luminalIntroduction Despite the existence of 18 different histopathological types of breast cancer (Ellis, 2003) , the major distinctions important in clinical practice are based on oestrogen receptor (ER) and ERBB2 status rather than histopathological tumour type. Unsupervised hierarchical clustering of microarray data readily identifies groups of tumours differing in ER and ERBB2 expression. The gene expression patterns corresponding broadly to ER-positive and -negative tumours have been named luminal and basal, respectively (Perou et al., 2000) . Typically, the basal/luminal split accounts for a substantial part of the overall variation in gene expression in breast cancer microarray studies. Some of the genes showing differential expression are proven ER targets, but many others appear to be differentially expressed because of a difference in cell type. The most widely used microarray-based classification further divides breast tumours into five classes: luminal A, luminal B, basal, normal and ERBB2 (Sorlie et al., 2003) . All of these classes except ERBB2 appear to be related to cell differentiation or cell type. Since oncogenic mutations do not generally determine cell type, it seems reasonable to attempt to derive classifications that use cell type and mutation information at separate levels. A classification based on cell type should take into account not only the cell types corresponding to the normal differentiation program in the breast but also common pathological cell lineages. Apocrine differentiation is one such change. Apocrine glands are androgen-dependent scent glands found in the axilla and perineum. Widespread apocrine metaplasia is seen in tension cysts in fibrocystic breast disease, where it arises in response to a currently ill-defined stress (Viacava et al., 1997) . Apocrine differentiation is also seen in a group of benign and malignant breast diseases, including apocrine hyperplasia and apocrine carcinoma (reviewed by Selim and Wells, 1999; Schmitt and ReisFilho, 2002) . Whether the apocrine cells seen in fibrocystic disease and apocrine carcinoma derive from a pathologically transformed progenitor or from expansion of a population of apocrine cells in the normal adult breast has been debated by several authors (for references, see Jones et al., 2001) .
We report here the identification of a group of breast tumours with increased androgen signalling and some apocrine features in a microarray study on large operable or locally advanced breast cancer. These tumours are ER negative and share some features with the ERBB2 class in the Stanford classification. We use the term 'molecular apocrine' to describe these tumours, and suggest that retention of androgenic signalling may explain a substantial part of the RNA phenotype of the ER-negative tumours outside the basal class.
Results
RNA was extracted from biopsies of T2-T4 breast tumours and hybridized to Affymetrix U133A chips. Most patients had two trucut biopsies taken; the biopsy with the higher proportion of tumour cells was used for the array study. Both biopsies were analysed from two tumours to test the reproducibility of the technique. Repeat amplifications and duplicate biopsies clustered together, showing that biological variation is greater than technical variation in this data set (Supplementary Figure 1) . The ER status determined by immunohistochemistry (IHC) showed an excellent correlation with the ESR1 expression level on the arrays, which again suggests that the data are of high quality (Supplementary Figure 2 ).
Unsupervised clustering identifies three major groups of tumours
Principal components analysis (PCA) of all genes showed that the global expression patterns of the tumours fall naturally into three major groups ( Figure 1a ). Silhouette plots (Rousseeuw, 1987) confirmed that the global expression patterns are best described by division into two or three well-separated relatively homogeneous groups (Supplementary Figure  3) . To understand the basis for this grouping, the expression pattern was examined using hierarchical clustering of the most variable genes (Figure 1b) . To avoid redundancy, a single probeset was used per gene.
Comparison with the PCA plot showed that the first component splits the tumours into basal (green in Figure 1a ) and luminal (blue in Figure 1a ) groups. As Figure 1 Unsupervised analysis. (a) Principal components analysis using all probesets. The first two components are plotted. Points are labelled according to ER status determined by immunohistochemistry: triangle, ER positive; square, ER negative. The three major groups in the data are labelled in blue, green and red. (b) Hierarchical clustering using 3198 nonredundant probesets. The horizontal bar under the dendrogram uses the same colour scheme as in (a). Small parts of the image have been expanded in (c) and Supplementary Figure 5 to show interesting gene clusters: 1, interferon, T cell and B cell genes; 2, proliferation and 8q amplicon genes; 3, apocrine/basal and hypoxia genes; 4, stromal genes; 5, 17q21-23 amplicon genes; 6, luminal genes; 7, apocrine/luminal genes; 8, ERBB2 amplicon genes. The Treeview files are available as Supplementary data 1 Molecular apocrine breast cancer P Farmer et al noted previously (Perou et al., 2000) , the basal groups express higher levels of basal keratins like 5 and17 and lower levels of keratins 8, 18 and 19 (Supplementary Figure 4) . Consistent with previous reports, large gene clusters corresponding to tumour infiltration with stromal cells, B cells and T cells, as well as large proliferation and interferon clusters, are easily identifiable in the clustered data (Supplementary Figure 5) . Regions of presumptive copy number change are also visible, for example amplification of 8q and 17q (Supplementary Figure 5) . These gene clusters dictate the subdivisions within the basal and luminal groups in the tumour dendrogram, but not the three-way split noted in the PCA plot ( Figure 1a) . The third PCA group corresponds instead to the third major group in the tumour dendrogram and includes 6/49 tumours (12%). It is ER negative (ESR1, Figure 1c Figure 4) .
To determine whether the third PCA group is caused by contamination of tumour samples with normal tissue, three reduction mammoplasty samples were tested and the clustering was repeated using the Stanford 'intrinsic' gene set (Perou et al., 2000) . The normal samples do not cluster with the tumours in the third group (Figure 2a) . To determine whether the third group corresponds to one of the previously defined Stanford classes, the expression profile of each tumour was compared to reference profiles based on the mean expression level of the intrinsic genes in each Stanford class (Sorlie et al., 2003) . The normal samples and putative basal tumours show high correlations with the corresponding Stanford profiles (Figure 2b ). The remaining ER-negative Stanford classes are ERBB2 and, to some extent, luminal B. By exclusion, tumours in our third group are likely to fall into one of these categories. Neither profile explains a substantial part of the expression pattern in our tumours (the coefficient of determination, r 2 , is plotted in Figure 2b , since this indicates the proportion of variation explained under a linear model). The biological basis for the luminal B class is unclear, which makes it difficult to infer by other means whether our third group is related to Stanford luminal B tumours. There are 11 tumours with ERBB2 amplification in our set, as defined by the ERBB2 mRNA level (Figure 1c panel 8 and Figure 2b ) and increased expression of neighbouring genes on 17q (Supplementary Figure 6) . Three tumours in our third group are ERBB2 positive (3/6). All but one of the remaining ERBB2-positive tumours are in the ER-positive group (7/27). ERBB2 amplification alone is thus not a satisfactory explanation for the formation of the third group. Nevertheless, for reasons given below, we suggest that the Stanford ERBB2 class most nearly describes the phenotype of the tumours in our third group.
The third group contains tumours with increased androgen signalling
The large number of differences between the expression pattern of the third group and the luminal or basal tumours suggests that the basis for the three-way split may be a difference in cell differentiation or cell type. The third group contains all the ER-negative tumours outside the basal group, but, in contrast with the basal tumours, retains expression of the androgen Figure 3a) . Genes that are highly expressed in the third group were identified by Wilcoxon test. The gene ontology (GO) terms for these genes were examined to gain clues to the function of the cells. The best-represented GO terms at a GO depth of 4 were for 'metabolism', which includes many genes for fatty acid and lipid synthesis (Table 1) . A trivial explanation might be contamination of the samples with adipocytes, but adipocyte markers like FABP4, CD36, GPX3 and LPL (Perou et al., 1999) are not highly expressed in the third group, the samples do not cluster with normal tissue, and histological examination ruled out extensive adipocyte contamination. Androgen signalling leads to increased metabolic gene expression and provides an alternative explanation for the GO results, particularly given the retention of AR expression in this group.
Two approaches were used to test whether the androgen receptor is actively signalling in the third group. In the first approach, metagenes were constructed based on the mean expression level of AR and ER target genes. The target gene lists were based on published array studies listing genes induced by androgen in LNCaP prostate cancer cells (Nelson et al., 2002) and oestrogen in MCF7 cells (Frasor et al., 2003) . To avoid circularity, the AR and ER metagenes do not include the AR and ESR1 probesets. Despite the fact that the target lists were established on different platforms, the metagenes separate the tumours into the same three groups as were seen in the global expression pattern, indicating that different levels of oestrogen and androgen signalling correlate with and constitute a possible explanation for the splitting of the tumours into three major groups (Figure 3b ). PF19 has lower AR activity than the other tumours in the third group (coloured brown in Figure 3b ), consistent with its behaviour as an outlier in the clustering analysis (Supplementary Figure 3) . To test whether the differences in target gene expression are significant, a 'Kolmogorov-Smirnov' (KS) test was performed (Lamb et al., 2003) . This test can be used to determine whether a particular group of genes, for example androgeninducible genes, is more highly expressed in a particular group of tumours. To perform a KS test, genes are ranked according to a criterion, for example similarity to AR expression. The position of target genes (eg, androgen-inducible genes) within this ranked list is then determined. A running score that starts and ends at zero is kept, increased at the positions of the target genes and decreased otherwise. The test statistic is the maximum of the running score and is high when the genes in the target list are enriched early in the ranking (Lamb et al., 2003) . To determine the significance of the score, the test is repeated after randomization of the ranking or the target list.
To confirm that this approach can identify tumours with active androgen or oestrogen signalling, KS tests were performed with the androgen and oestrogen target genes using all samples and ranking genes according to similarity to AR or ESR1 expression, respectively (Supplementary Figure 7) . To determine whether the KS scores were significant, empirical P-values were obtained by repeating the test with randomly selected target genes. In both cases, the KS test found a significant association between receptor expression and target gene expression (Po0.001). Genes that define membership of the three sample groups were then ranked by Wilcoxon test statistic as a criterion for higher expression in one group, and these ranked lists were used to test for significant differences in androgen and oestrogen signalling between pairs of groups (Figure 3c and d ; the AR þ /ERÀ group is labelled apocrine for reasons given below). To determine whether the KS scores were significant, empirical permutation P-values were estimated by repeating the test with randomly permuted group labels. The results showed that AR activity is significantly higher in the AR þ /ERÀ compared to the luminal and basal groups, while ER activity is significantly higher in the luminal than in the basal group and intermediate in the AR þ /ERÀ tumours. This provides strong support for the interpretation that the AR þ /ERÀ group identified by PCA and hierarchical clustering contains tumours with active AR but inactive or weak ER signalling.
The third group contains tumours with apocrine features
Exposure of mammary epithelium to supraphysiological doses of androgen, for example in female to male transsexuals, leads to a histological change referred to as apocrine metaplasia (reviewed by Liao and Dickson, 2002) . The malignant counterpart of apocrine metaplasia is apocrine carcinoma. To test whether the tumours with increased androgen signalling had apocrine features, such as abundant eosinophilic cytoplasm and prominent nucleoli, tissue sections were examined histologically by a pathologist without prior knowledge of the microarray assignments. Apocrine grade was scored on a three-point scale as described by Miller et al. (1985) , although it must be pointed out that formal diagnosis of apocrine carcinoma is generally very difficult using frozen sections because of insufficient preservation of cell morphology. None of the biopsies contained extensive regions of benign apocrine metaplasia that could account for the gene expression data. Except for the tumour flagged as an outlier in the silhouette plot (PF19, Supplementary Figure 3) , the tumours in the third group all had marked apocrine features (Figure 4a and b) . The association between apocrine histology and clustering in the AR þ ERÀ group was highly significant (Table 2a and Supplementary Table sheet 1) . Since tumours in the third group have an expression profile compatible with increased androgen signalling and some morphological hallmarks of apocrine tumours, but do not meet the strict histopathological criteria for diagnosis as classical apocrine carcinomas, we suggest calling them 'molecular apocrine' tumours. The 222 genes (1% of probe sets) that best separate the third group from the other tumours were mapped to GO terms. Out of the 222 genes tested, 156 were present in the biological process division of the GO classification. Terms giving a Po0.05 at a GO depth of 4 are shown
The length of the AR polyglutamine repeat is normal in the molecular apocrine group
The underlying mechanism responsible for apocrine differentiation is not known, but increased sensitivity to androgen signalling is one possibility. The AR gene contains a polymorphic CAG n polyglutamine repeat whose expansion impairs receptor function (La Spada et al., 1991; Chamberlain et al., 1994) . Higher grade breast tumours express shorter repeats (Yu et al., 2000) . The KS data showing increased androgen signalling in the apocrine group would be compatible with selection for expression of shorter repeats in these tumours. To test for this, repeat length was measured in the RNA used for the array study. Genomic DNA tested from 12 tumours confirmed that the repeat is highly polymorphic, with two different alleles present in most of the samples (data not shown). Consistent with the location of the AR gene on the X chromosome, only a single allele was detected at the RNA level. The mean number of CAG repeats was 18 in the apocrine group (range 17-19), compared with 18 and 20 in the basal and luminal groups (Supplementary Table sheet 1). All of the tumours in the apocrine group thus express AR alleles potentially encoding fully active receptors.
Identification of molecular apocrine tumours in other microarray data sets
To determine whether molecular apocrine tumours are present but under-reported in other breast cancer microarray studies, we identified genes that discriminate between the three groups in our own data and looked at the pattern of expression of these genes in four published data sets (West et al., 2001; van't Veer et al., 2002; Huang et al., 2003; Sorlie et al., 2003) . The luminal/apocrine/basal or LAB gene set (Supplementary  Table sheet 2) contains the most discriminant genes by Wilcoxon test for each pairwise comparison in our data (luminal vs basal, basal vs apocrine, apocrine vs luminal). The LAB genes were mapped to the other data sets and the top 90 genes for each pairwise comparison in each data set were retained. The groupspecific mean expression levels of the LAB genes in the luminal, molecular apocrine and basal groups in our tumours were used to generate reference profiles for each tumour group. Correlation with these reference profiles was used to assign tumours to the luminal, (Table 3 and  Supplementary Table sheet 3). The number of tumours with the molecular apocrine profile in all five data sets (8-14%) is consistent with historical estimates of the number of breast tumours with marked apocrine histological features (2-15%) (Miller et al., 1985) . To visualize the result, our tumours were used to train two partial least squares (PLS) models, one that separates the basal from luminal tumours, and another that separates the molecular apocrine from all other tumours. Figure 5a shows a projection of the tumours in each data set onto the first components of these PLS models. This shows that the LAB assignments successfully divide the tumours in each study into separate clusters containing the putative luminal (blue), molecular apocrine (red) and basal (green) tumours. The tumours from the Sorlie and van't Veer studies are labelled in Figure 5a according to the Stanford classes assigned by Sorlie et al. (2003) : square for luminal, triangle for basal, diamond for ERBB2, circle for normal, cross for unclassifiable (the individual assignments are given in Supplementary Table sheet 3) .
It is not possible independently to verify these predictions in most cases because histological apocrine scores are not available for the tumours in the other studies, but images of some of the Sorlie tumours are given on the Stanford University web site. The histological apocrine grade of these tumours was scored by a pathologist without prior knowledge of the microarray assignments. There was a significant association between apocrine histology and molecular apocrine class, although the numbers are small and the resolution of the images limits the quality of the analysis (Table 2b and Supplementary Table sheet 4 ). The clinical outcome of the patients with molecular apocrine tumours in our study is not yet known, but survival data are available for the Sorlie and van't Veer patients. In both studies, the molecular apocrine profile is associated with poor long-term survival (Figure 5b ).
Discussion
All published microarray studies on breast cancer have reported striking differences in the gene expression profile of ER þ and ERÀ tumours. This reflects the importance of steroid receptor signalling in mammary epithelial cells. Based on our data, we suggest that there is a group of tumours containing ERÀ AR þ cells, in which androgen signalling replaces oestrogen signalling as a major determinant of the steroid-related expression profile of the cells. This is consistent with previous immunohistochemical reports that divided breast tumours into ER þ AR þ , ERÀ AR þ and ERÀ ARÀ cells (Moinfar et al., 2003) . The question that arises is how to integrate this information with previous microarray schemes for classification of breast cancer. Cell type influences the expression of so many genes that it dictates the highest levels of split in most tumour dendrograms. In breast cancer, cell type and steroid receptor signalling are intimately linked, which explains why the luminal/basal split closely follows ER status. The next lower levels of the dendrogram in our data are dictated by clusters of lymphocyte, stromal and proliferation genes. Although there is broad agreement, it is difficult precisely to map the divisions in our luminal group to those reported by others, because there is no agreed definition of these groups. In our view, the best way to make sense of subdivisions within a particular cell type will be to identify signature oncogenic defects. For example, MYC amplification at 8q24 is associated with poor survival (Jain et al., 2001) . The low proliferation group in the luminal cluster in our data overlaps with a large cluster of coordinately regulated genes on chromosome 8q (Supplementary Figure 5 panel 2). MYC is a candidate gene to drive the amplification, but the region amplified encompasses much of the long arm of 8q in many studies, and MYC does not cluster within the main 8q amplicon in our data, suggesting that MYC is not the only relevant oncogene on 8q (Isola et al., 1995; Pollack et al., 2002; Molist et al., 2004) .
Among ER-negative tumours, there is one group with a relatively homogeneous expression profile, named basal by Perou et al. (2000) because of higher expression of basal keratins. At issue is the phenotype of the ER-negative tumours outside the basal group. Several other microarray studies on breast cancer identified an ERBB2 class of tumours as one of the primary subdivisions in the tumour dendrogram (Perou et al., 2000; Sorlie et al., 2003; Sotiriou et al., 2003) . The ERBB2 class is a subdivision of the ER-negative group, but many ERBB2-positive tumours are found outside the ERBB2 class in all studies, and some tumours within the ERBB2 class lack ERBB2 overexpression or amplification. Thus, ERBB2 expression does not satisfactorily Table 3 Classification of tumours in this study and the Huang et al. (2003) , West et al. (2001) , Sorlie et al. (2003) and van't Veer et al. (2002) studies using the LAB gene set Perou et al. (2000) 7 (19) 14 (38) 5 (14) 11 (30) 37 (100) West et al.(2001) 19 (39) 21 (43) 4 (8) 5 (10) 49 (100) Huang et al. (2003) 15 (17) 42 (47) 9 (10) 23 (26) 89 (100) Van't veer Veer et al. (2002) 20 (21) 50 (52) 10 (10) 16 (17) 96 (100) To assign class membership, the decision rule was that the Spearman correlation coefficient should exceed the threshold at which a class would be assigned in o1% of tests with scrambled data. If more than one class exceeded this threshold, a class was assigned only if the correlation coefficient exceeded the next best value by the same threshold amount Molecular apocrine breast cancer P Farmer et al define membership of the ERBB2 class. The ERnegative non-basal group probably contains several different types of tumour, but in our data we can see mainly one phenotype, which we have called molecular apocrine. Taking a very broad view, we suggest that the Stanford ERBB2 class is the same as the molecular apocrine class in our data. The Stanford classification has difficulty defining these tumours, as shown by the fact that of the five tumours we identified as molecular apocrine, three, five and one were placed in the ERBB2 class in successive analyses of the same data by Perou et al. (2000) , Sorlie et al. (2001) and Sorlie et al. (2003) , respectively. In our hands, supervised analysis comparing the 11 ERBB2-positive tumours with the rest suggests that the expression profile of ERBB2-positive tumours is mainly defined by genes in the ERBB2 amplicon itself. Using the first PLS component from pairwise comparisons (apocrine vs others, ERBB2 vs others), the apocrine component explains 7.7% and the ERBB2 component 5.9% of the total variance in our data, despite the smaller number of apocrine tumours. A leave-one-out cross-validation test of pairwise discrimination with nearest centroid classification on the first PLS component shows that the luminal, apocrine and basal groups are perfectly predicted, while the ERBB2-positive group is not, suggesting that the ERBB2-positive tumours do not have a single homogeneous phenotype. The molecular apocrine group is certainly enriched in ERBB2-positive tumours, which suggests that there may be a link between ERBB2 signalling and the molecular apocrine phenotype. The possibility that the two are Figure 5 Identification of molecular apocrine tumours in published data sets. (a) Tumour classification using PLS components. The LAB gene set was used to make PLS models that maximize covariance with the basal vs luminal and the apocrine vs other groups in our data. The first PLS components were then used to plot tumours in the West et al. (2001); Huang et al. (2003) ; Sorlie et al. (2003) and van't Veer et al. (2002) data sets. The original Sorlie et al. (2003) classification of the van't Veer and Sorlie data is given by the shape of the symbols: square for luminal, triangle for basal, diamond for ERBB2, circle for normal, cross for unknown. (b) KaplanMeier survival curves for the van't Veer and Sorlie patients according to the LAB classification in Table 3 . Red, molecular apocrine; green, basal; blue, luminal; tumours labelled undefined in Table 3 are omitted Molecular apocrine breast cancer P Farmer et al related is further suggested by the observation that ERBB2 is overexpressed but not amplified in apocrine adenosis (Selim et al., 2000) and the finding that high grade in situ and invasive tumours are frequently AR þ /ERÀ/ERBB2 þ (Moinfar et al., 2003) . Bertucci et al. (2004) suggested that coamplification of PPARBP with ERBB2 may result in modifications of fatty acid metabolism in ERBB2-positive tumours. This seems unlikely to explain the molecular apocrine phenotype in our data, because PPARBP is highly expressed in only one of the three ERBB2-positive tumours in the molecular apocrine group (PF19, Supplementary Figure  6 ). Another possible explanation is that ERBB2 reinforces androgenic signalling by stabilizing AR at the protein level (Mellinghoff et al., 2004) . This might lead to an apocrine phenotype in ER-negative tumours that retain AR expression, but not lead to apocrine changes in cells expressing both AR and ER because of dominant oestrogenic signalling in these cells. However, ERBB2 amplification could only explain increased androgenic signalling in half of the molecular apocrine tumours in our data. Another mechanism for activation of AR is required in the remainder. Comparative genomic hybridization has identified clonal abnormalities in apocrine hyperplasia and carcinoma, with the number of changes increasing as the cells progress towards malignancy, but no amplified or deleted locus clearly linked to androgen signalling has been identified (Jones et al., 2001 ). An imbalance in AR and ER signalling could be caused by mutation of the androgen receptor itself. AR mutations have been extensively investigated in prostate cancer, principally to explain resistance to antiandrogen therapy (LopezOtin and Diamandis, 1998) . The receptor contains a highly polymorphic CAG repeat which is expanded in spinal and bulbar muscular atrophy (SBMA, also known as Kennedy's disease), an androgen-insensitivity syndrome (La Spada et al., 1991) . Conversely, deletion of the repeat increases receptor activity, although the effects are modest (Chamberlain et al., 1994) . The number of repeats in the tumours from the molecular apocrine group was 17-19, which is at the shorter end of the normal range. Increased AR activity in this group can thus not be explained by a pathological contraction of the repeat. It remains possible that full sequencing of the gene would reveal the presence of activating mutations. An alternative explanation for increased AR target gene expression is that androgen synthetic pathways are more active in these cells. For example, SRD5A1, the 5a-reductase which converts testosterone to dihydrotestosterone, is overexpressed in the apocrine and basal groups (Figure 1c panel 3) . This is consistent with previous data showing increased 5a-reductase biochemical activity in apocrine tumours (Miller et al., 1985) . The GO analysis revealed the presence of many genes involved in steroid metabolism in the apocrine group. Some, like HSD17B2 and UGT2B28, are involved in the catabolism of oestrogens and androgens (Wu et al., 1993; Levesque et al., 2001) . Increased expression of catabolic as well as synthetic enzymes is a feature of steroid responsive tissues (Labrie et al., 2003) .
A further possibility is that androgen-independent expression of AR target genes is caused by expression of AR coactivators or factors that cooperate with AR, such as SPDEF, an ets-related transcription factor active in prostatic epithelium (Oettgen et al., 2000) . SPDEF is expressed in the apocrine and luminal clusters (Figure 1c panel 6) . It is itself an androgen-regulated gene, and could thus participate in a positive feedback loop (Nelson et al., 2002) . Beyond steroid receptor activity, the mechanism of basal, luminal or apocrine fate selection is unknown, in part because the factors mediating lineage choice in the normal breast are poorly understood.
The clinical features of apocrine carcinoma are generally considered not to differ appreciably from conventional forms of ductal carcinoma (Frable and Kay, 1968; Rosen, 1996) . Although apocrine carcinoma is rare, tumour cells with apocrine features have been reported in up to 63% of cases (Miller et al., 1985) . The poor survival of the patients with the molecular apocrine profile in the Sorlie and van't Veer studies (Figure 5b ) is consistent with the poor prognosis expected for ER-negative, ERBB2-positive tumours. The gene cluster shared by the basal and molecular apocrine tumours (Figure 1c panel 3) includes several genes induced by hypoxia, including ERO1L, ADM and NDRG1 (Cormier-Regard et al., 1998; Park et al., 2000; Gess et al., 2003) , which would again be consistent with a poor prognosis. Taken together, these data suggest that the molecular apocrine profile does not identify only patients with classical apocrine carcinomas.
The basal, luminal and apocrine groups differ in the expression of many genes which are potential or actual drug targets. Androgens have been tested on many occasions for the treatment of breast cancer (reviewed by Santen et al., 1990; Birrell et al., 1998) . The assumption behind old studies was that androgen would inhibit the proliferation of breast cancer cells (reviewed by Labrie et al., 2003) , but it is now known that androgen treatment stimulates the proliferation of some breast cancer cell lines and inhibits the proliferation of others (Birrell et al., 1995) . The question raised by our data is whether apocrine tumours, which in some respects resemble prostate cancer cells, would benefit from androgen blockade. Previous studies failed to show any significant activity of antiandrogens in breast cancer (Millward et al., 1991) . Future studies of endocrine therapy should take into account the division of breast cancer into luminal (ER þ AR þ ), apocrine (ERÀ AR þ ) and basal (ERÀ ARÀ) groups, which should, in the simplest case, receive oestrogen blockade, androgen blockade and no steroid-based therapy, respectively. Failure to stratify treatment in this way would make it very difficult to detect a true benefit in the molecular apocrine group. Besides AR, it is noteworthy that the apocrine group differs in the expression of genes involved in androgen and lipid metabolism, many of which could, in principle, be targeted by drugs. For example, the apocrine tumours express HMGCR, the target of statins. Inhibition of HMGCR has been reported to inhibit growth of breast cancer cell lines through a reduction in geranylgeranylation of rhoA (Denoyelle et al., 2003) . The apocrine tumours also express GHR, PRLR and EGFR, which can be inhibited using a variety of direct and indirect approaches (Santen et al., 1990; Fuh et al., 1992; Chen et al., 1999; Wennbo and Tornell, 2000; Paez et al., 2004) . The potential therapeutic implications of identifying molecular apocrine tumours suggest that further studies to produce a more robust definition of the molecular apocrine profile and the mechanisms leading to its expression are justified.
Materials and methods
Biopsies of large operable or locally advanced/inflammatory breast tumours were taken before treatment from patients enrolled in a neoadjuvant clinical trial (EORTC 10994). Total RNA was extracted from 4 Â 25 mm sections of biopsies and amplified by an Eberwine T7 procedure according to the Affymetrix small sample protocol (Affymetrix, Santa Clara, USA). There was no obvious bias related to RNA quality, as assessed by Agilent Bioanalyzer curves, despite the inclusion of biopsies from patients treated in 14 centres throughout Europe. Details of microarray procedures and data analysis techniques are given in the supplementary methods file. The raw data have been deposited in the NCBI GEO database with series accession number GSE1561. The decision rule to assign tumours to classes was that the Spearman correlation coefficient should exceed the threshold at which a class would be assigned in 1% of tests with scrambled data. If more than one class exceeded this threshold, a class was assigned only if the correlation coefficient exceeded the next best value by the same threshold amount. Membership of the groups used for the different tests is given in the supplementary methods file.
